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APPARATUS AND METHOD FOR THE 
TREATMENT OF HEADACHE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of International Patent 
Application No. PCT/US2008/060288, with an international 
filing date of Apr. 14, 2008 (International Publication No. WO 
2008/128215, with a publication date of Oct. 23, 2008), 
which claimed priority to U.S. Provisional Patent Application 
No. 60/911,518 filed Apr. 13, 2007, titled “APPARATUS 
AND METHOD FOR THE TREATMENT OF HEAD 
ACHE, each of which is incorporated herein by reference in 
its entirety. 

FIELD OF THE INVENTION 

This invention relates to methods and apparatus for the 
treatment of headache and more specifically to a method and 
a portable, (e.g., battery-operated) transcutaneous electrical 
stimulation device for the treatment of headache. 

BACKGROUND OF THE INVENTION 

Headache is so common that it is often not regarded as a 
serious health issue. However, more than 45 million Ameri 
cans suffer from headaches sever enough to seek medical 
help. 
A study published in the April 1999 issue of the Archives of 

Internal Medicine revealed that one single headache type, 
namely migraine, costs American employers S13 billion per 
year due to missed work and reduced productivity. In addi 
tion, according to the National Headache Foundation (NHF), 
approximately 157 million workdays are lost annually due to 
the pain and the associated symptoms of migraine. On top of 
the above mentioned economic impact, there are intangible 
costs, such the poor quality of life of these headache sufferers 
due to the time missed from their daily activities. 
The International Headache Society (IHS) classifies head 

ache disorders into two main categories: primary and second 
ary. The main difference between these two categories is that 
the secondary type headaches are attributed to a particular 
cause. The twelve headache types within both categories are 
listed below in Table 1 and a more in detailed comparison of 
the first three primary headaches can be found in Table 2. 

TABLE 1. 

International classification of headache disorders 

Primary Headaches 

Migraine 
Tension-type headache (TTH) 
Cluster headache 
Other primary headaches 

Secondary Headaches 

Headache attributed to head and or neck trauma 
Headache attributed to cranial or cervical vascular disorder 
Headache attributed to non-vascular intracranial disorder 
Headache attributed to a substance or its withdrawal 
Headache attributed to infection 
Headache attributed to disorder of homeostasis 
Headache or facial pain attributed to disorder of cranium, 
neck, eyes, ears, nose, sinuses, teeth, mouth or other 
facial or cranial structures 
Headache attributed to psychiatric disorder 12. 
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TABLE 2 

Characteristics of Primary Headache Disorders 

Tension-Type 
Migraine Headache (TTH) Cluster Headache 

Location Unilateral Bilateral Strictly unilateral 
Intensity Moderate? severe Mild moderate Severe 
Duration 4 to 72 hours Episodic: 30 15 to 90 min 

minto 7 days 
Sufferers 29.5 million 78% of adult One million 
in the U.S. population 

Although the overall mechanisms and specific pathways 
responsible for primary and secondary headaches are still 
being elucidated, it is well known that many patients that 
experience these types of headaches often feel pain in both the 
front and the back of the head. While the front of the head is 
innervated, among others, by the ophthalmic branch of the 
trigeminal nerve, the back of the head is mainly innervated by 
spinal branches arising from C1 through C4, which are the 
first four cervical spinal nerves and which, among others, 
form the occipital and suboccipital nerves. However, recent 
studies Suggest that there is a functional connection between 
the branches of the nervous system that innervate the front 
and the back of the head. 
The most commonly used treatment to mitigate headache 

pain is to date the pharmacological approach, which, depend 
ing on the particular drug, according to the American Council 
for Headache Education and to the National Guideline Clear 
inghouse (NGC) has various potential side effects. Some of 
these side effects include: fatigue, depression, nausea, insom 
nia, weight gain, constipation, dizziness, low blood pressure, 
gastrointestinal irritation, impaired platelet function, renal 
complications, analgesic rebound headache, and hepatic 
complications. 

Studies exploring alternative treatments for headaches 
have shown that electrically stimulating spinal nerve 
branches arising from between C1 through C4 provide an 
effective technique to mitigate several types of headaches. 
Electrostimulation of other sites in the head has also been 
successfully used to treat headaches. A study by Solomon et 
al. used high frequency (12 kHz to 20kHz) electrostimulation 
in which one electrode was placed over the area of maximum 
pain and a second electrode on the opposite side of the head. 
In the same study, in cases where the pain was generalized, 
one electrode was placed in the occiput (back of the head) and 
another on the right hand. Solomon found that fifty-five per 
cent (55%) of patients perceived an improvement a few min 
utes after the onset of the electrostimulation. 

In another study by Ahmed et al., percutaneous electrical 
nerve stimulation (PENS) was used to treat tension-type 
headache (TTH), migraine and posttraumatic headache 
(PTH); this study revealed that, regardless of the type of 
headache, pain was significantly mitigated; 58%, 58% and 
52% in TTH, migraine, and PSH respectively. On top of the 
pain reduction, a reduction in the frequency of headaches was 
also observed. 
As mentioned above, electrostimulation of the spinal 

branches arising from C1 through C4 in the occipital and 
Suboccipital region has proven to be effective in mitigating 
pain and reducing the frequency of occurrence of several 
types of headaches. However, the approach taken involves the 
chronic implantation of electrodes into the aforementioned 
anatomical region along with the implantation of a stimulat 
ing unit (sometimes referred to as an implantable pulse gen 
erator (IPG)), in a second location or in the same region (see 
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U.S. Pat. No. 6,735,475, which is incorporated herein by 
reference) to produce the stimulating signal. Several Scien 
tific publications assess the effectiveness of this approach 
(e.g., Manjit et al., 2004: Popeney and Alo, 2003: Schwedt, et 
al., 2007a; Schwedt, et al., 2007b; Rodrigo-Royo et al., 2005). 

U.S. Pat. No. 4,856,526 and U.S. Pat. No. 4,627,438 to Liss 
et al., which are incorporated herein by reference, describe 
the approach by Solomon, which includes electrodes fixed to 
the head, with the inconvenience that cables running from the 
electrodes to the stimulation unit (pulse generator) are 
needed. In addition, fixing the electrodes, which are dispos 
able, in place requires the use of non-permanent biocompat 
ible conductive glue. 

In the PENS approach, needles have to protrude and pen 
etrate the skin in specific locations and at specific depths, 
which renders a self treating paradigm nearly impossible. In 
addition, the PENS approach requires a skilled and well 
trained person to position the needles. On top of that, cables 
need to be used to connect the needles to the stimulator unit 
and the needles are disposable (typically not reusable, or they 
must be sterilized between uses, adding expense to the use of 
the PENS approach). 
As stated above, although chronic implantation of a stimu 

lator unit and electrodes to treat headaches mitigates pain and 
disability in most patients, it has the caveat that the patient 
must undergo a Surgical procedure and be left with at least one 
foreign body chronically implanted. This approach might be 
acceptable for and by a subpopulation of patients with severe 
and quasi permanent debilitating headaches; however, the 
majority of those suffering from debilitating headaches suffer 
them on average once a month. 

Other non-specific approaches such as the one suggested in 
U.S. Patent Application Publication Number U.S. 2006/ 
0173510 (which is incorporated herein by reference), also has 
the inconvenience that electrodes have to be fixed and cables 
have to be used to connect the electrodes to the stimulating 
unit. 

U.S. Pat. No. 5,078,928 (hereinafter, “Balsteretal”), titled 
“COATING PROCESS FOR MANUFACTURING 
ENLARGEDSMOOTH TEETHENDSON COMB, issued 
Jan. 7, 1992, describes a process that could be used to manu 
facture Smooth, comb-like electrodes, and is incorporated 
herein by reference. Balster et al. describe a process for per 
manently attaching Smooth-finished globules of coating 
material to the ends of the teeth of molded plastic combs, 
picks, lifts and the like, including roughening or oxidizing the 
teeth ends to remove the gloss finish and form a more adherent 
Surface; dipping the roughened teeth ends into a bath of liquid 
coating material to attacha globule of coating material to each 
tooth end and cover the sharp mold-parting line located 
thereat; and drying the globules attached to the teeth ends. 

Clearly, the majority of the patient population Suffering 
from headaches would benefit from, and what is needed area 
self-contained (i.e., one piece with no interconnecting cables 
and/or wires) portable device and a side-effect-free (e.g., 
non-pharmaceutical) yet effective non-invasive treatment 
method that could be self administered via the self-contained 
portable device that can be used in both preventative and 
abortive ways. This invention discloses such a device and 
method. 

BRIEF SUMMARY OF THE INVENTION 

The invention herein disclosed describes a non invasive 
apparatus and method for the acute treatment of primary and 
secondary type headaches via transcutaneous electrostimula 
tion of the spinal nerve branches and/or sub branches and/or 
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4 
any of their combinations such as those arising from Cl 
through C4, including, but not limited to, the right and/or left 
Suboccipital nerve(s), the right and/or left greater occipital 
nerve(s), the right and/or left least (third) occipital nerve?s), 
the right and/or left lesser occipital nerve?s), the right and/or 
left great auricular nerves). 

In some embodiments, the apparatus includes a device 
where the stimulating electrodes and the stimulator are inte 
grated into a single handheld battery-operated transcutaneous 
electrical nerve stimulating (TENS) device. The aforemen 
tioned TENS device can be, but does not have to be, operated 
by the patient himself or herself. 

In some embodiments, the apparatus includes a device 
where the stimulating electrodes and the stimulator are inte 
grated into a single hands-free battery-operated transcutane 
ous electrical nervestimulating (TENS) device. In some such 
embodiments, the patient is free to move and his/her hands are 
free to do other tasks while the stimulation is being applied. 
The aforementioned TENS device can be, but does not have to 
be, operated by the patient himself or herself. 

In some embodiments, the apparatus includes a device 
where the stimulating electrodes and the stimulator are inte 
grated into a single handheld battery-operated transcutaneous 
electrical nerve stimulating (TENS) device, which can be 
worn on the hand and/or wrist of the patient. In some Such 
embodiments, the electrodes are located at the tip of the 
fingers on a glove-like garment which extends toward the 
wrist where the control box is strapped in a fashion similar to 
how a wrist watch is strapped. 

In some embodiments, the stimulation is applied by mak 
ing contact between the electrodes and the area of the head 
where the above-mentioned nerves are located. Once the 
electrodes are correctly positioned, the TENS device or the 
electrodes are moved (by moving the hand of the person 
administering the therapy) without losing contact between 
the electrodes and the body, so that electrical stimulation is 
applied to the area and its Surroundings. 

In some embodiments, the stimulation is applied by secur 
ing the entire device to the head of the patient (rendering a 
hands-free, free-to-move operation) making contact between 
the electrodes and the area of the head where the above 
mentioned nerves are located. In some Such embodiments, 
since the patient is free to move and hands-free, he/she could 
be simultaneously performing many other regular tasks. 

In some embodiments, in order to make stimulation more 
efficient, conductive gel is applied between the device and the 
treated area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a lateral-view perspective drawing of a TENS 
device 100. 

FIG. 1B is an anterior-view perspective drawing of TENS 
device 100. 

FIG. 1C is a posterior-view perspective drawing of TENS 
device 100 with its back lid 140 open. 

FIG. 1D is a lateral-view perspective drawing of a TENS 
device 101 having comb-like electrodes. 

FIG. 1E is a lateral-view perspective drawing of a TENS 
device 102 having a two-row comb-like structure. 
FIG.1F is a bottom-view perspective drawing of the TENS 

device 102 of FIG. 1E. 
FIG. 1G is a lateral-view perspective drawing of a TENS 

device 103 having a single-sided comb-like structure. 
FIG. 2 is a perspective drawing of the anatomy of the back 

of the head of a patient 99 showing different nervous struc 
tures. 
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FIG. 3 is a block diagram of the monophasic electronic 
circuit 300 used in some embodiments. 

FIG. 4 is a block diagram of a TENS device 400. 
FIG. 5A is drawing of a hands-free embodiment as it is 

applied on the head of a patient 99. 
FIG. 5B is drawing of a hands-free embodiment 500. 
FIG. 5C is a drawing of a detachable portion (electrodes 

control-box ensemble 590) of the hands-free embodiment 
SOO. 
FIG.5D is a posterior drawing of the head-band 580. 
FIG.5E is an anterior drawing of the head-band 580. 
FIG. 5F is a drawing depicting the extreme positions of 

electrode handle 595. 
FIG. 6 (composed of FIGS. 6A, 6B, 6C and 6D) are draw 

ings of the control box. 
FIG. 7A is a block diagram of the biphasic electronic 

circuit 700 used in some embodiments. 
FIG. 7B is a block diagram of the biphasic electronic 

circuit 701 used in some embodiments. 
FIG. 8 is a partial block diagram of some embodiments of 

circuits 300 and 700 where a monostable circuit 810 is used as 
a therapy timer 810. 
FIG.9A is a drawing of a glove-TENS embodiment 900. 
FIG.9B is a drawing of a glove-TENS embodiment 902 

having comb-like electrodes. 
FIG.9C is a drawing of a glove-TENS embodiment 903 

having comb-like electrodes. 
FIG. 10 is a diagram of a spaced biphasic pulse stream 

1OOO. 
FIG.11 is a diagram of an alternating spaced biphasic pulse 

Stream 1100. 
FIG. 12 is a diagram of an alternating unspaced biphasic 

pulse stream 1200. 
FIG. 13 is a diagram of a monophasic pulse stream 1300. 
FIG. 14 is a Voltage-versus-time graph of a spaced biphasic 

pulse stream 1400 with plural sub-pulses. 

DETAILED DESCRIPTION OF THE INVENTION 

Although the following detailed description contains many 
specifics for the purpose of illustration, a person of ordinary 
skill in the art will appreciate that many variations and alter 
ations to the following details are within the scope of the 
invention. Accordingly, the following preferred embodiments 
of the invention are set forth without any loss of generality to, 
and without imposing limitations upon the claimed invention. 

In the following detailed description of the preferred 
embodiments, reference is made to the accompanying draw 
ings that form a parthereof, and in which are shown by way 
of illustration specific embodiments in which the invention 
may be practiced. It is understood that other embodiments 
may be utilized and structural changes may be made without 
departing from the scope of the present invention. 
The leading digit(s) of reference numbers appearing in the 

Figures generally corresponds to the Figure number in which 
that component is first introduced, such that the same refer 
ence number is used throughout to refer to an identical com 
ponent which appears in multiple Figures. 
As Stated in the background section, currently used devices 

and methods to treat headaches via electrostimulation are not 
ideal to treat the majority of the patient population Suffering 
from headaches. In several of the cases, electrodes are flat, 
have to be fixed using adhesive, and connected via cables/ 
wires to the pulse generator or electrostimulator. Further 
more, in some of these cases the electrodes are percutaneous 
needles which need to be placed by a well-trained person. In 
other cases, the patient needs to undergo Surgery to be chroni 
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6 
cally implanted with the stimulating electrodes and their 
accompanying stimulating unit (sometimes referred to as an 
implantable pulse generator or IPG). 

In contrast, one embodiment of the present invention pro 
vides a non-invasive handheld device with a plurality of pro 
truding electrodes, which are Suited to go through the hair of 
the patient, and additionally, the device can be used by a 
patient to self-administer treatment. 

In another embodiment, the present invention provides a 
non-invasive hands-free device with one or more protruding 
electrodes, which are suited to go through the hair of the 
patient, and additionally, the device can be used by a patient 
to self-administer treatment. 

In some embodiments, the present invention provides a 
transcutaneous electrical nerve stimulator (TENS) having a 
plurality of electrodes in which the stimulator and the plural 
ity of electrodes are incorporated into a unitary device. As 
used herein, the term unitary device means a device having 
Support for both the stimulator electronics and power Supply 
and for the plurality of electrodes. For example, in some 
embodiments, a unitary device includes a comb-like device 
having a self-contained power Supply (e.g., a battery) and 
electronics (e.g., the stimulator circuit) along with electrodes 
configured in one or more comb-like structures. In some Such 
embodiments, the electrodes are manufactured according to 
method such as a modified version of the method of Balsteret 
al. (U.S. Pat. No. 5,078,928, which is incorporated herein by 
reference), wherein the comb's teeth tips are coated with an 
electrically conductive Smooth material Such as conductive 
epoxy and/or are plated or otherwise coated with one or more 
metals such as nickel plated on a copper adhesion layer, and 
optionally coated with a hypoallergenic metal such as gold or 
platinum or the like. In some embodiments, a metal layer 
extends from the tips of some of the teeth (e.g., the half of the 
teeth at a distal end of the comb) to one or more contact points 
used to connect to the stimulator electronics, and another 
metal layer extends from the tips of others of the teeth (e.g., 
the half of the teeth at a proximate end of the comb) to one or 
more other contact points used to connect to the stimulator 
electronics. In other embodiments, a unitary device includes 
aheadband-like device having a self-contained power Supply 
(e.g., a battery) and electronics (e.g., the stimulator circuit) 
along with electrodes configured in one or more finger-like 
structures. In yet other embodiments, a unitary device 
includes a glove-like device having a self-contained power 
Supply (e.g., a battery) and electronics (e.g., the stimulator 
circuit) along with electrodes configured in one or more pro 
truding structures on the palm or fingers of the glove. In some 
embodiments, a unitary device does not use exposed or exter 
nal wires. In some embodiments, a unitary device does not 
separate the power Supply (e.g., a battery), electronics (e.g., 
the stimulator circuit), and electrodes into two or more sepa 
rate sections connected to one another by wires or cables. In 
Some embodiments, a unitary device facilitates a self-admin 
istered treatment by the patient. 

In other embodiments, the present invention provides a 
transcutaneous electrical nerve stimulator (TENS) having a 
plurality of electrodes in which the stimulator and the plural 
ity of electrodes are incorporated into a multi-portion device 
with the portions connected to one another by cables, wires, 
or the like. In some embodiments, separate devices are 
defined as two or more devices, wherein each device has their 
own separate Support. For example, in some embodiments, 
the stimulator is connected to the plurality of electrodes via at 
least one electrical lead. 

In some embodiments, each one of one plurality of elec 
trodes (e.g., those electrodes in one ensemble of electrodes) is 
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at least 0.1 millimeters apart from those of another plurality of 
electrodes (e.g., those electrodes in another ensemble of elec 
trodes). In some embodiments, each one of first plurality of 
electrodes is at least 0.2 millimeters apart from all the elec 
trodes in the second plurality of electrodes. In some embodi 
ments, each one of the first plurality of electrodes is at least 
0.5 millimeters apart from all the electrodes in the second 
plurality of electrodes. In some embodiments, each one of the 
first plurality of electrodes is at least 1 millimeter apart from 
all the electrodes in the second plurality of electrodes. In 
some embodiments, each one of the first plurality of elec 
trodes is at least about 2 millimeters apart from all the elec 
trodes in the second plurality of electrodes. In some embodi 
ments, each one of the first plurality of electrodes is at least 
about 5 millimeters apart from all the electrodes in the second 
plurality of electrodes. In some embodiments, each one of the 
first plurality of electrodes is at least about 10 millimeters 
apart from all the electrodes in the second plurality of elec 
trodes. In some embodiments, each one of the first plurality of 
electrodes is at least about 20 millimeters apart from all the 
electrodes in the second plurality of electrodes. In some 
embodiments, each one of the first plurality of electrodes is at 
least about 50 millimeters apart from all the electrodes in the 
second plurality of electrodes. In some embodiments, each 
one of the first plurality of electrodes is at least about 100 
millimeters apart from all the electrodes in the second plural 
ity of electrodes. In some embodiments, each one of the first 
plurality of electrodes is at least about 200 millimeters apart 
from all the electrodes in the second plurality of electrodes. 

In some embodiments, the plurality of electrodes is con 
figured such that at least two electrodes touch a patient’s skin 
simultaneously. In some embodiments, the plurality of elec 
trodes is configured such that at least three electrodes touch a 
patient’s skin simultaneously. In some embodiments, the plu 
rality of electrodes is configured such that at least four elec 
trodes touch apatient's skin simultaneously. In some embodi 
ments, the plurality of electrodes is configured Such that at 
least five electrodes touch a patient’s skin simultaneously. In 
Some embodiments, the plurality of electrodes is configured 
Such that at least six electrodes touch a patient’s skin simul 
taneously. In some embodiments, the plurality of electrodes is 
configured such that at least seven electrodes touch apatients 
skin simultaneously. In some embodiments, the plurality of 
electrodes is configured Such that at least eight electrodes 
touch a patient's skin simultaneously. In some embodiments, 
the plurality of electrodes is configured such that at least nine 
electrodes touch a patient’s skin simultaneously. In some 
embodiments, the plurality of electrodes is configured Such 
that at least ten electrodes touch a patient’s skin simulta 
neously. In some embodiments, the plurality of electrodes is 
configured such that at least fifteen electrodes touch a 
patient’s skin simultaneously. In some embodiments, the plu 
rality of electrodes is configured such that at least twenty 
electrodes touch a patient’s skin simultaneously. In some 
embodiments, the plurality of electrodes is configured Such 
that more than twenty electrodes touch a patient’s skin simul 
taneously. 

In some embodiments, the plurality of electrodes includes 
at least two electrodes. In some embodiments, the plurality of 
electrodes includes at least five electrodes. In some embodi 
ments, the plurality of electrodes includes at least ten elec 
trodes. In some embodiments, the plurality of electrodes 
includes at least twenty electrodes. In some embodiments, the 
plurality of electrodes includes more than twenty electrodes. 

In some embodiments, each one of a plurality of electrodes 
has a cylindrical or comb-tooth shape. In some embodiments, 
each one of a plurality of electrodes has a pyramidal shape. In 
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Some embodiments, each one of a plurality of electrodes has 
a prism shape (e.g., polygonal or like shape in cross section 
and having a constant or tapered shape across a length of the 
prism). In some embodiments, each one of a plurality of 
electrodes has a cylindrical shape (e.g., cylindrical, oval or 
like shape in cross section and having a constant or tapered 
shape across a length of the tooth). 

Having the electrodes protrude or extend to a length in the 
manner of the teeth of a comb facilitates placing or combing 
the electrodes through the hair so each one of a plurality of the 
electrodes reach the scalp or skin under the hair. In some 
embodiments, each one of the plurality of electrodes has a 
length and a cross-sectional diameter wherein the length is at 
least one-half times (0.5x) the cross-sectional diameter. In 
Some embodiments, each one of a plurality of electrodes has 
a length and a cross-sectional diameter wherein the length is 
at least one times (1x) the cross-sectional diameter. In some 
embodiments, each one of a plurality of electrodes has a 
length and a cross-sectional diameter wherein the length is at 
least about two times (2x) greater than the cross-sectional 
diameter. In some embodiments, each one of a plurality of 
electrodes has a length that is at least about three times (3x) 
greater than the cross-sectional diameter. In some embodi 
ments, each one of a plurality of electrodes has a length that is 
at least about four times (4x) greater than the cross-sectional 
diameter. In some embodiments, each one of a plurality of 
electrodes has a length that is at least about five times (5x) 
greater than the cross-sectional diameter. In some embodi 
ments, each one of a plurality of electrodes has a length that is 
at least about ten times (10x) greater than the cross-sectional 
diameter. 

In some embodiments, each one of the plurality of elec 
trodes has a length and a cross-sectional diameter wherein the 
length is about one-half times (0.5x) the cross-sectional 
diameter. In some embodiments, each one of a plurality of 
electrodes has a length and a cross-sectional diameter 
wherein the length is about one times (1x) the cross-sectional 
diameter. In some embodiments, each one of a plurality of 
electrodes has a length and a cross-sectional diameter 
wherein the length is about two times (2x) greater than the 
cross-sectional diameter. In some embodiments, each one of 
a plurality of electrodes has a length that is about three times 
(3x) greater than the cross-sectional diameter. In some 
embodiments, each one of a plurality of electrodes has a 
length that is about four times (4x) greater than the cross 
sectional diameter. In some embodiments, each one of a plu 
rality of electrodes has a length that is about five times (5x) 
greater than the cross-sectional diameter. In some embodi 
ments, each one of a plurality of electrodes has a length that is 
about ten times (10x) greater than the cross-sectional diam 
eter. 

FIG. 1A is a lateral-view perspective drawing of a hand 
held TENS device 100 (see FIGS. 1B and 1C for anterior and 
posterior views, respectively, of device 100). In some 
embodiments, device 100 includes a physically non-invasive 
transcutaneous electrical nerve stimulator (TENS) having 
one or more electrodes, in which the stimulator and the one or 
more electrodes are incorporated into a single, self-contained, 
handheld device 100 that is battery operated. In some 
embodiments, device 100 includes a handheld case 150, a top 
electrode ensemble 112, a bottom electrode ensemble 114, an 
electronic circuit 160, a battery holder 170, one or more 
batteries 159, and, in some embodiments, controls 180 
including, e.g., an ON/OFF switch 182, a therapy selector 
knob 184, and an intensity selector knob 186. 

FIG. 1D is a lateral-view perspective drawing of a hand 
held TENS device 101 having electrode ensembles 112 and 
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114 implemented as comb-like teeth with conductive tips, 
wherein each conductive tooth top of electrode ensemble 112 
is electrically connected to circuitry 160, e.g., by wires or a 
plated-metal layer (e.g., in some embodiments, a nickel plat 
ing on a vanadium or copper adhesion layer formed on the 
polymer comb structure, wherein, in Some embodiments, the 
tips are then plated or otherwise coated with a hypoallergenic 
metal that is compatible with skin contact, Such as gold or 
platinum, and wherein an insulating layer is then deposited 
over the metal layers except for the tips, which are left un 
insulated so that they easily conduct electricity to the skin 
during therapy). In some embodiments, circuit 160 includes 
two output conductors, one of which is connected to the teeth 
of electrode ensemble 112, and the other of which is con 
nected to the teeth of electrode ensemble 114. 

FIG. 1E is a lateral-view perspective drawing of a TENS 
device 102 having a pair of spaced-apart rows of comb-like 
electrodes in rows or ensembles 112 and 114. 

FIG.1F is a bottom-view perspective drawing of the TENS 
device 102 of FIG. 1E. In some embodiments, a first comb 
like structure 132 is metallized (or otherwise made of or 
coated with an electrically conductive material Such as con 
ductive epoxy), and then coated with in insulator (Such as a 
polymer layer 142 leaving the conductive and/or metallized 
tips 152 exposed. Similarly, in some embodiments, a second 
comb-like structure 134 is metallized (or otherwise made of 
or coated with an electrically conductive material Such as 
conductive epoxy), and then coated with in insulator (such as 
a polymer layer 144 leaving the conductive and/or metallized 
tips 154 exposed. In some embodiments, the enclosure 150 is 
sandwiched between comb-like structures 132 and 134, and 
electrically connected to a first electrode ensemble 112 and to 
a second electrode ensemble 114. In some embodiments, 
enclosure 150 holds an electronic circuit 160, a battery holder 
170, one or more batteries 159 (such as shown in FIG. 1B), 
and, in Some embodiments, presents one or more controls 180 
including, e.g., an ON/OFF switch, a therapy selector knob 
184, and an intensity selector knob 186. In some embodi 
ments, electronics circuit 160 is electrically connected to first 
electrode ensemble 112 and second electrode ensemble 114 
by electrical conductors (e.g., plated layers of metal or elec 
trical wires, or conductive epoxy, which in some embodi 
ments, are coated with an insulating layer Such as a conformal 
polymer) within the dual-row comb-like structures 131. 

FIG. 1G is a lateral-view perspective drawing of a TENS 
device 103 having a single-row comb-like structure 133, 
wherein first electrode ensemble 112 is formed from the teeth 
on the far end of the comb relative to the handle, and second 
electrode ensemble 114 is formed from the teeth on the end 
proximal to the handle 136. In some embodiments, the battery 
159 and electronics circuit 160 (such as shown in FIG. 1B). 
are held within handle 136, and electronics circuit 160 is 
electrically connected to first electrode ensemble 112 and 
second electrode ensemble 114 by electrical conductors (e.g., 
plated layers of metal or electrical wires, or conductive 
epoxy) within the single-row comb-like structure 133. 

In many cases, the muscle tissue of the patient is closer to 
the skin than are the nerves to which it is desired for the 
therapy device 100 to stimulate (this also applies to devices 
101, 102, 103, 500, 900 or the like). Accordingly, in some 
embodiments, the pulses output from device 100 are made 
short enough to Substantially avoid stimulating the muscles to 
contract while being long enough to stimulate the nerves 
(e.g., in Some embodiments, each pulse of a plurality of pulses 
has a non-Zero duration at most 400 microseconds, while in 
other embodiments, each pulse is at most 300 microseconds, 
each pulse is at most 250 microseconds, each pulse is at most 
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200 microseconds, each pulse is at most 150 microseconds, 
each pulse is at most 300 microseconds, each pulse is at most 
100 microseconds, each pulse is at most 75 microseconds, or 
each pulse is at most 50 microseconds). Using Such short 
pulses is generally sufficient to reduce or eliminate muscle 
stimulation, however, to then obtain Successful nerve stimu 
lation with the short pulses, the Voltage and/or current of the 
pulses is increased. Further, in order to balance the charge 
injected into the nerves and tissue and to avoid skin irritation 
from charge imbalance, each pulse of one polarity is followed 
a short time later by a pulse of the opposite polarity (e.g., in 
Some embodiments, a positive (or negative) pulse (e.g., with 
a pulse width (duration) of between about 50 microseconds 
and about 400 microseconds, in some embodiments) is trans 
mitted, and after a short delay of, e.g., between about 50 
microseconds and about 100 microseconds, a negative (or 
positive) pulse (e.g., with a pulse width (duration) of approxi 
mately the same duration as the positive pulse, in some 
embodiments) is transmitted. In some embodiments, the short 
delay between the two pulses of a pair of opposite-polarity 
pulses is thought to give the first pulse time to take effect 
before the charge-balancing second pulse is sent. In other 
embodiments, the charge-balancing second pulse is sent with 
no delay after the first pulse, such as shown in FIG. 12. 

In Some embodiments, the present invention includes 
TENS device 100 (see FIG. 1A, FIG. 1B, and FIG. 1C), 101 
(see FIG. 1D), 102 (see FIG. 1E and FIG.1F), 103 (see FIG. 
1G), 500 (see FIGS.5A, 5B, 5C, 5D, 5E, 5F and FIGS. 6A, 
6B, 6C, and 6D) and/or 900 (see FIG. 9) and methods for 
using the device to treat primary and secondary headache via 
transcutaneous (thus non-invasive) electrical stimulation of 
the spinal nerve branches and/or sub branches and/or any of 
their combinations arising from C1 through C4 (see FIG. 2), 
including, but not limited to, the right and/or left suboccipital 
nerve(s) 205, the right and/or left greater occipital nerve?s) 
210, the right and/or left least (third) occipital nerves) 220, 
the right and/or left lesser occipital nerve?s) 230, the right 
and/or left great auricular nerves) 240. 

FIG. 5A is a drawing of a hands-free TENS device 500 
placed on the head of a patient 99 (see FIG. 5B for a depiction 
of device 500 alone). In some embodiments, the TENS device 
500 includes a control case 510 with an electronic circuit 630 
and a battery holder 640 (see FIG. 6), a right top electrode 
ensemble 550, a right bottom electrode ensemble 552, a left 
top electrode ensemble 551, a left bottom electrode ensemble 
553 an enclosure 510, and controls including a timed therapy 
start push-button 530, atherapy selector knob (not shown), an 
intensity selector knob 520, a master ON/OFF switch (not 
shown), a plastic connector 560 that holds together all of the 
above-mentioned electrode assemblies and the control box 
510. In addition, in some embodiments, device 500 has a 
head-band 580 onto which the plastic connector 560 and what 
is attached to it can be incorporated forming a single func 
tional unit. In some embodiments, the head-band 580 also has 
a strap 570 which can be used to secure the device 500 to the 
head of the patient 99. Also, in some embodiments tension 
straps 540 are used to tension the electrodes against the head 
of the patient. 

FIG. 6, which is composed of FIG. 6A, FIG. 6B, FIG. 6C, 
and FIG. 6D) are perspective views of the battery-and-elec 
tronics holder 600 used for some embodiments of case 510 for 
the headband device 500 of FIG. 5A and FIG.S.B. 

In some embodiments in order to facilitate the cleaning of 
the device 500, the head-band 580 and the electrodes-control 
box ensemble 590 (see FIG.5C) can be detached and reat 
tached by using Velcro(R) strips 582 (or like attachment 
means) and/or metal or plastic pins 585 (see FIGS.5D-5E). In 
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some embodiments the head-band 580 can be washed in a 
regular washing machine used for clothing. 

In some embodiments of device 500, in order to facilitate 
the placement of the electrodes, the electrode ensembles 550, 
551,552, and 553 are slid from side to side by pulling/pushing 
electrode handle 595 (see FIG.5F). 

In some embodiments, device 500 includes a transcutane 
ous electrical nerve stimulator (TENS) having a plurality of 
electrodes, wherein the stimulator and the plurality of elec 
trodes are incorporated into a single, self-contained device 
500 that is battery operated and hands-free to operate. 
FIG.9A is a drawing of a glove-TENS embodiment 900. In 

some embodiments of device 900, the control box 910 con 
tains the same electronics as device 500. In some embodi 
ments of device 900, an LED 920 turns ON when the device 
is ON. In some embodiments of device 900, the therapy is 
applied as follows: the stimulation frequencies are selected 
with the therapy-selector knob 930, and then the device is 
turned ON via a switch901. In some embodiments, to start the 
therapy, a pushbutton 950 is pressed. In some embodiments, 
the electrodes 915,916, and 917 are placed on in contact with 
the scalp and then the intensity of the stimulation is adjusted 
using the intensity adjustment knob 940. In some embodi 
ments of device 900, the electrodes are connected to the 
control box 910 via small metal strips that are embedded into 
the globe 905. In some embodiments of device 900, two 
electrodes are connected to the same polarity; for example, in 
one embodiment electrodes 916 and 917 are electrically con 
nected to one another and correspond to electrode ensemble 
112 of FIG. 1A or FIG. 1E, while electrodes 915 correspond 
to electrode ensemble 114 of FIG. 1A or FIG. 1E, and there 
fore, the current flows between electrodes 916 and 917, and 
electrode 915. Other combinations are possible (such as elec 
trically connecting 916 and 915 for one set of electrodes (e.g., 
corresponding to ensemble 112) and using 917 for the other 
set of electrodes (e.g., corresponding to ensemble 114), or 
such as electrically connecting 917 and 915 for one set of 
electrodes (e.g., corresponding to ensemble 112) and using 
916 for the other set of electrodes (e.g., corresponding to 
ensemble 114)), and are contemplated for other embodi 
mentS. 

FIG.9B is a drawing of another glove-TENS embodiment 
902 having comb-like electrodes 907,908, and 909 that are 
configured to separate the hair on the patient's head in order 
to make easy contact to the Scalp under the hair of the patient. 
In some embodiments, controller 910 is attached using elec 
trical conductors 921 and 922 (e.g., insulated wires, in some 
embodiments.) to two or more sets of electrodes 907,908, and 
909, and is controlled by control knob 930, control knob 940, 
start-therapy button 950, ON-OFF button 901 which, when 
ON, activates LED 920. 

FIG. 9C is a drawing of a still another fingerless glove 
TENS embodiment 903 having comb-like electrodes 925 and 
926 located on the palm in order that the patient may place her 
or his hand with its palm on the nape of the neck and easily 
and comfortably move the device 903 to the location that feels 
the best or is most effective at relieving pain. In some embodi 
ments, controller 910 is attached using electrical conductors 
921 and 922 (e.g., insulated wires, in some embodiments.) to 
two or more sets of electrodes 926 and 925, and is controlled 
by control knob 930, control knob 940, start-therapy button 
950, ON-OFF button 901 which when ON activates LED920. 

In some embodiments, the stimulator of the electronic 
circuits 300 and 700 (see FIG.3 and FIG. 7A) and electronic 
circuit 701 (FIG. 7B) is divided into two main blocks: the 
power supply 320 and the pulse generator 330. The power 
Supply provides the electrical potential (i.e., current-limited 
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voltage) needed to stimulate the desired bodily tissue. The 
electrical potential is supplied via an inductive based DC/DC 
boost converter 340, and controlled via a variable reference 
resistance 350 which is used to set the desired output voltage. 
In some embodiments, the reference resistance 350 is a poten 
tiometer which is controlled by the intensity selector knob 
186/520. In some embodiments, as a safety measure, the 
output current is limited to at most about 60 mA by a series 
resistance 360 (e.g., a resistance of about 2K ohms with a 
Voltage Supply of about 120 Volts). In some embodiments, as 
a safety measure, the output current is limited to at most about 
50 mA by a series resistance 360 (e.g., a resistance of about 
2.4K ohms with a voltage supply of about 120 volts). In some 
embodiments, as a safety measure, the output current is lim 
ited to at most about 40 mA by a series resistance 360 (e.g., a 
resistance of about 3K ohms with a voltage supply of about 
120 Volts). In some embodiments, as a safety measure, the 
output current is limited to at most about 30 mA by a series 
resistance 360 (e.g., a resistance of about 4K ohms with a 
Voltage Supply of about 120 Volts). In some embodiments, as 
a safety measure, the output current is limited to at most about 
20 mA by a series resistance 360 (e.g., a resistance of about 
6K ohms with a voltage supply of about 120 volts). In some 
embodiments, as a safety measure, the output current is lim 
ited to at most about 10 mA by a series resistance 360 (e.g., a 
resistance of about 12K ohms with a voltage supply of about 
120 Volts). In some embodiments, as a safety measure, the 
output current is limited to at most about 5 mA by a series 
resistance 360 (e.g., a resistance of about 24K ohms with a 
Voltage Supply of about 120 Volts). In some embodiments, as 
a safety measure, the output current is limited to at most about 
2 mA by a series resistance 360 (e.g., a resistance of about 
60K ohms with a voltage supply of about 120 volts). In some 
embodiments, as a safety measure, the output current is lim 
ited to at most about 1 mA by a series resistance 360 (e.g., a 
resistance of about 120Kohms with a voltage supply of about 
120 volts). In some embodiments, the circuit is configured to 
limit the maximum open-circuit output Voltage to at most 
about 200V (with an appropriate current-limiting resistance). 
In some embodiments, the circuit is configured to limit the 
maximum open-circuit output Voltage to at most about 175V. 
In some embodiments, the circuit is configured to limit the 
maximum open-circuit output Voltage to at most about 150V. 
In some embodiments, the circuit is configured to limit the 
maximum open-circuit output Voltage to at most about 125V. 
In some embodiments, the circuit is configured to limit the 
maximum open-circuit output Voltage to at most about 100V. 
In some embodiments, the circuit is configured to limit the 
maximum open-circuit output Voltage to at most about 75V. 
In some embodiments, the circuit is configured to limit the 
maximum open-circuit output Voltage to at most about 50V. 
In some embodiments, the circuit is configured to limit the 
maximum open-circuit output Voltage to at most about 25V. 
The circuit configuration for some embodiments can be found 
in the applications report SLVA209 from Texas Instruments 
(www.ti.com), which is incorporated herein by reference. For 
example, in some embodiments, a Texas Instruments circuit 
model TPS61040 high-frequency boost converter and an 
external transistor (such as an N-channel Si9422 available 
from Vishay or other companies) in cascade mode and other 
components in a configuration well known to those of skill in 
the art (such as shown in applications report SLVA209) are 
used to obtain an open-circuit Voltage of approximately 120 
volts. In other embodiments, any other suitable DC-DC con 
Verter or other power Supply is used to obtain the high Voltage 
of circuit 320. 
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In Some embodiments, where a monophasic pulse is 
desired, the pulse generator 330 includes a clock 370 and a 
monostable circuit 380. (In other embodiments (not shown, 
but in a manner similar to that shown in FIG. 7B), pulse 
generator circuit 330 is implemented by a suitable micropro 
cessor, which is configured to receive user input as to the 
pulse repetition rate, pulse width, intensity and the like, and 
programmed to substitute for transistor 390 or output pulses 
to one or more external transistors 390 (as in FIG. 3) or 
720/722/724 and 726/728/730 (as in FIG. 7B).) In some 
embodiments, the frequency of the clock 370, which can vary 
from 50 Hz to 10 kHz, is set via an array of resistors 352, (or 
other Suitable means) wherein a particular resistor is selected 
by a multi-pole rotary switch attached to the therapy selector 
knob 184 in device 100 (not shown for device 500), and thus 
the position of the multi-pole rotary switch 351 is controlled 
by the therapy selector knob, 184 in device 100, and by a 
similar therapy selector knob (not shown) in device 500. The 
pulse width (PW) of the monostable 380 is set via another 
array of resistors 353, however, in some embodiments, a 
particular resistor is also selected by the same multi-pole 
rotary switch 351 attached to the therapy selector knob 184 in 
device 100, and by a similar therapy selector knob (not 
shown) in device 500, and therefore, the therapy selector knob 
184 in device 100, and by a similar therapy selector knob (not 
shown) in device 500 controls both the PW of the monostable 
380 and the frequency of the clock 370. In other embodiments 
the frequency and PW are selected independently via differ 
ent selector knobs each one attached to a different multi-pole 
rotary switch. In one embodiment, a two-pole four-throw 
(i.e., four-position) rotary switch 351 is used such that pulse 
frequency and pulse width are both set for each of the four 
positions of rotary switch 351 as follows: 50 Hz/100 us, 200 
HZ/75us, 3 kHz/50 us, and 10kHz/40 us. In another embodi 
ment a four-pole rotary or slide Switch is used such that 
frequency and pulse width are for the four positions as fol 
lows: 50 Hz/50 us, 200 Hz/50 us, 3 kHz/50 us, and 10kHz/50 
us. In other embodiments other combinations such as 50 
HZ/75us, 200 Hz/75us, 3 kHz/75us, and 10kHz/75us or 50 
Hz/100 us, 200 Hz/100 us, 3 kHz/100 us, and 5 kHz/100 us 
can be used. In yet other embodiments, other frequencies 
and/or pulse widths and their combinations can be used. 
As used herein, a pulse stream is a series of pulses that are 

sent to two sets of electrodes, each set of electrodes having 
one or more electrodes in contact with spaced-apart locations 
on the patient’s skin. As used herein, a monophasic pulse 
stream is one in which all or substantially of the pulses have 
a single polarity relative to ground (Zero Volts between the 
two sets of electrodes) or a high-impedance state (wherein 
one or both electrode ensembles is disconnected by a transis 
tor in the OFF state) (see FIG. 13)). In contrast, as used herein, 
a biphasic pulse stream is one in which pulses extend in each 
of two polarities relative to a Zero Voltage (or high-impedance 
state) between the two sets of electrodes. As used herein, a 
multiphasic pulse stream is one in which pulses extend in 
each of two polarities relative to a zero voltage between pairs 
of sets of electrodes, wherein there are three or more sets of 
electrodes (essentially, this is a configuration using two or 
more biphasic pulse streams among three or more sets of 
electrodes). As used herein, a spaced-pair biphasic pulse 
stream is one in which pulses extend in each of two polarities 
relative to a zero voltage between the two sets of electrodes, 
and wherein there is a short period (e.g., 50 to 100 microsec 
onds) of Substantially Zero Voltage inserted between a posi 
tive pulse and a negative pulse (in some embodiments, the 
orientation of “positive' and “negative' depends on an arbi 
trary assignment of one set of electrodes (e.g., the second set) 
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as the reference set, and the voltage applied to the first set of 
electrodes is positive, Zero or negative relative to the second 
set, wherein the designation is arbitrary since the apparatus 
can be reversed in orientation relative to the patient’s skin and 
the directions of polarities reverse). In contrast, as used 
herein, an unspaced-pair biphasic pulse stream is one in 
which pulses extend in each of two polarities relative to a zero 
voltage between the two sets of electrodes, and wherein there 
is no period of Substantially Zero Voltage between a positive 
pulse and a negative pulse, but rather, the positive pulse is 
immediately followed by the negative pulse. An alternating 
spaced-pair biphasic pulse stream is one in which pulses 
extend in each of two polarities relative to a Zero Voltage 
between the two sets of electrodes, and wherein there is a 
short period (e.g., 50 to 100 microseconds) of substantially 
Zero Voltage inserted between a pulse of one polarity and the 
following opposite-polarity pulse, and wherein which polar 
ity pulse is first alternates (see FIG. 11). 

FIG. 7A is a schematic diagram of a circuit 700 according 
to some embodiments of the present invention. Circuit 700 is 
similar to circuit 300 of FIG. 3, except that pulse generator 
330A outputs a positive-pulse-control signal 332 and a nega 
tive-pulse-control signal 333. 

FIG.10 is a Voltage-versus-time graph of a spaced biphasic 
pulse stream 1000. In the embodiment shown, the first pulse 
of each pair of pulses is a negative pulse (e.g., measured from 
electrode 114 to electrode 112 of FIG. 7A), and is followed 
after a short delay by a positive pulse. In some embodiments, 
the pulse width of each positive pulse is approximately equal 
to the pulse width of the respective negative pulse, in order to 
balance the electrical charge at both electrodes and the tissue 
in between. In some embodiments (as shown). each of the 
plurality of pairs of pulses has substantially the same duration 
for all of the positive pulses and substantially the same dura 
tion for all of the negative pulses (e.g., in some embodiments, 
a first pair of pulses could have a 100-microsecond first pulse, 
a 75-microsecond gap, and a 100-microsecond second pulse, 
(a total of 275 microseconds for the pair of pulses) followed 
by a 725-microsecond gap to provide a 1KHZ pulse repetition 
rate, or by a 4725-microsecond gap to provide a 200Hz pulse 
repetition rate, wherein this pattern repeats indefinitely for 
following pairs of pulses or until the device is shut off or 
automatically shuts off after a predetermined time). 

In other embodiments, each of a plurality of pairs of pulses 
have different pulse durations (e.g., in Some embodiments, a 
first pair of pulses could have a 100-microsecond first pulse, 
a 75-microsecond gap, and a 100-microsecond second pulse, 
(a total of 275 microseconds for the pair of pulses) followed 
by a 725-microsecond gap to provide a 1KHZ pulse repetition 
rate, or by a 4725-microsecond gap to provide a 200Hz pulse 
repetition rate, but a second pair of pulses could have a 200 
microsecond first pulse, a 75-microsecond gap, and a 200 
microsecond second pulse, (a total of 475 microseconds for 
the pair of pulses) followed by a 525-microsecond gap to 
provide a 1KHZ pulse repetition rate, or by a 4525-microsec 
ondgap to provide a 200Hz pulse repetition rate, wherein this 
pattern repeats indefinitely for following sets of pairs of 
pulses, or wherein other pulse durations are used in other 
pairs of pulses, until the device is shut off or automatically 
shuts off after a predetermined time). 

FIG. 11 is a Voltage-versus-time graph of an alternating 
spaced biphasic pulse stream 1100. Note that in contrast to the 
pulse configuration of FIG. 10, the first pair of pulses in FIG. 
11 has the positive pulse first followed by the negative pulse, 
the second pair of pulses in FIG. 11 has the negative pulse first 
followed by the positive pulse, the third pair of pulses in FIG. 
11 has the positive pulse first followed by the negative pulse, 
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and the fourth pair of pulses in FIG. 11 has the negative pulse 
first followed by the positive pulse. In other embodiments, 
other patterns of which pulse of a pair comes first are used. As 
with FIG. 10, each pulse can have the same duration for an 
entire therapy session, or different pairs of pulses can each 
have different pulse durations. 

FIG. 12 is a Voltage-versus-time graph of an alternating 
unspaced biphasic pulse stream 1200. This configuration of 
pulses is substantially the same as for FIG. 11, except that 
there is no gap between the two pulses of each pair of pulses. 
Again, each of the pulses can have equal durations (e.g., in 
some embodiments, a first pair of pulses could have a 100 
microsecond first pulse, no gap, and a 100-microsecond sec 
ond pulse, (a total of 200 microseconds for the pair of pulses) 
followed by a 800-microsecond gap to provide a 1KHZ pulse 
repetition rate, or by a 4800-microsecond gap to provide a 200 
HZ pulse repetition rate, wherein this pattern repeats indefi 
nitely for following pairs of pulses or until the device is shut 
off or automatically shuts off after a predetermined time). In 
other embodiments, the pulses can have different durations 
during one therapy session. 
Some embodiments providing the pulse stream of FIG. 10 

use the circuit of FIG. 7A. Some embodiments providing the 
pulse stream of FIG. 10, FIG. 11, FIG. 12, FIG. 13 or FIG. 14 
use the circuit of FIG. 7B. In some embodiments, the micro 
processor circuit of FIG. 7B provides any or all of the pulse 
sequences of FIG. 10, FIG. 11, FIG. 12, FIG. 13 or FIG. 14 at 
different times. 

FIG. 13 is a Voltage-versus-time graph of a monophasic 
pulse stream 1300. In the embodiment shown, a single polar 
ity of pulses is used (such as provided by circuit 300 of FIG. 
3. 

FIG. 14 is a Voltage-versus-time graph of a spaced biphasic 
pulse stream 1400 with plural sub-pulses. As shown, in some 
embodiments, one or more of the positive pulses and/or one or 
more of the negative pulses is composed of a plurality of 
Sub-pulses (e.g., two negative pulses separated by a gap in 
time from one another followed by two positive pulses sepa 
rated by a gap in time from one another, or (not shown) one 
negative pulse separated by a gap in time followed by two 
positive pulses separated by a gap in time from one another 
followed by another gap in time and another negative pulse). 
In some Such embodiments, the first pulse of Such a set is of 
a smaller amplitude and the first polarity, and the second pulse 
is of a higher amplitude (e.g., twice the amplitude of the first 
pulse) and also of the first polarity. In some Such embodi 
ments, the third pulse of Such a set is of a smaller amplitude 
and the second opposite polarity, and the fourth pulse is of a 
higher amplitude (e.g., twice the amplitude of the third pulse) 
and also of the second polarity. In other such embodiments, 
the third pulse of such a set is of a much smaller amplitude and 
the second opposite polarity, and of a much longer duration, 
such that by its lower amplitude and longer duration, the third 
pulse balances the charge of the first and second pulses but its 
lower amplitude does not triggeran opposite-polarity artifact 
in the patient’s tissue. 

In some embodiments, where a monophasic pulse stream is 
desired, the clock 370 triggers the monostable circuit 380, the 
output of the monostable circuit 380 drives pulse-control 
signal 331 to the gate of a field effect transistor (FET) 390, 
which is used to connect the bottom electrode ensemble(s) 
114,552, 553 to ground, therefore allowing current to pass 
between the top electrode ensemble(s) 112550,551, and the 
bottom electrode ensemble(s) 114,552,553. Hence, the pulse 
width (PW) of the stimulation signal follows the pulse width 
(PW) of the monostable circuit 380. 
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In yet other embodiments where a biphasic pulse is desired, 

referring to FIG. 7A, the output of the monostable circuit 380 
triggers a second monostable circuit 705 which in turn trig 
gers a third monostable circuit 710. The output of the 
monostable circuit 380 also drives the gates of two field effect 
transistors (FET) 722 and 720. The output of the monostable 
circuit 710 drives the gate of another two field effect transis 
tors (FET) 728 and 730. The FET 722 turns on FET 724 via an 
array of resistors 738 and 736. When FET 724 and FET 720 
are turned on, the first electrode ensemble(s) 112 (or 550,551 
in FIG. 5C) are connected to the positive voltage and the 
second electrode ensemble(s) 114 (or 552, 553 in FIG.5C) 
are connected to ground (positive phase). The FET 728 turns 
on FET 726 via and an array of resistors 734 and 732. When 
FET 726 and FET 730 are turned on, the bottom electrode 
ensemble(s) 114,552, 553 are connected to the positive volt 
age and the top electrode ensemble(s) 112, 550, 551 are 
connected to ground (negative phase). The monostable circuit 
705 generates an inter-pulse interval between the positive and 
the negative phase. In some biphasic embodiments, the 
elapsed time of the monostable circuits 380, 705 and 710 as 
well as the rate of the clock 370 can be modified through an 
array of resistors and rotary Switches such as it is depicted in 
FIG. 3 by resistors 353, 352 and switch 351, or can be con 
trolled by a programmed microprocessor 330B as shown in 
FIG. 7B. 

In some embodiments, the inter-pulse interval is not 
needed and therefore the monostable circuit 705 is not 
needed, in this case, the output of the monostable circuit 380 
directly triggers the monostable circuit 710. 

In some embodiments, a monostable circuit 810 acts as a 
timer such that when the output of this monostable circuit 810 
is ON the therapy is also ON, and it is turned OFF when the 
monostable pulse if over (see FIG. 8). In this case, in some 
embodiments a push-button 820 can be used to trigger the 
monostable circuit 810. 

In some embodiments, a microprocessor can be used to 
substitute all monostable circuits 380,705, 710, and 810 as 
well as the clock 370. 

Since the device delivers the stimulation transcutaneously 
and since the muscles are closer to the skin than nerves, the 
output of the TENS device is such that it minimizes muscle 
activation and maximizes nerve activation by taking advan 
tage of the differences in the excitability properties (i.e., 
chronaxie T and rehobase I) between muscle and nerve 
tissue. The excitation threshold (I) as a function of the pulse 
width (PW) for excitable tissue follows a hyperbolic function 
known as the strength-duration curve: 

lth = IR (1 -- w) 

In general both the T and the I, for muscle are bigger than 
those for nerve tissue and therefore a way to increase the 
difference between the I of muscle tissue and the I, of nerve 
tissue is using short PW. The TENS device disclosed here 
uses short pulse widths (PWs; i.e., PW-400 microseconds). 

Since in Some stimulation regions in the head it is likely 
that hair will be present, the portion of the electrode 
ensemble(s) 112, 552, 553, 114, 550, and 551 that makes 
contact with the body of the patient is shaped in the form of 
several separated structures 112 and 114 (comb-like 
ensemble) to facilitating the displacement of hair thus maxi 
mizing skin-electrode contact. 
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In some embodiments, in the case of device 100, the inven 
tion is carried out by putting conductive gel in the region of 
the head to be treated (see FIG. 2), then, turning the TENS 
device ON (moving ON/OFF switch 182) and adjusting the 
therapy selector knob 184 and the intensity selector knob 186 
(actual adjustments are patient dependent). Once the intensity 
and the therapy have been selected, then the electrode 
ensembles 112 and 114 of the TENS device are positioned in 
the area to be treated. The treatment includes randomly mov 
ing the electrodes by moving the TENS device around the 
desired area on both sides of the head for an effective amount 
of time. The therapy can be administered to one side at a time 
or by constantly alternating sides. The specific neural struc 
tures to be treated are stated above in this section. In some 
case, the intensity is readjusted while the therapy is being 
administered. 

In order to facilitate the contact between the electrode 
ensembles 112 and 114 and the skin, the electrode ensembles 
112 and 114 are mounted on the electrode-ensemble head 
110, which can rotate on the shafts 122 and 124 (which 
connect to pivot assembly 120 of extension piece 116) to 
which head 110 is attached. 

In some embodiments, in the case of device 500, the inven 
tion is carried out by putting conductive gel in the region of 
the head to be treated (see FIG. 2), then, securing the device 
on the patients head, turning the TENS device ON (moving/ 
pressing ON/OFF switch 530) and adjusting the therapy 
selector knob (not shown) and the intensity selector knob 520 
(actual adjustments are patient dependent). Once the intensity 
and the therapy have been selected, then the patient can per 
form his/her regular tasks while the treatment is ON. The 
therapy is administered to both sides simultaneously. The 
specific neural structures to be treated are stated above in this 
section. In some embodiments, by pressing the push button 
820 is pressed by switch 530. By pressing pushbutton 820 the 
monostable 830 outputs a pulse of pre-determined duration. 
In turn, the monostable pulse turns on the therapy by enabling 
the DC/DC converter 340. Therefore, the monostable serves 
as a timer for the therapy, when the monostable pulse is ON 
the therapy is ON and when the monostable pulse is OFF then 
the therapy is OFF. In some embodiments, aside from the 
switch 530 there is a general ON/OFF switch (not shown). 

In some embodiments, the electrode ensembles 112,552, 
553, 114,550, and 551 and the shafts 122 and 124 are made 
of stainless steel; however, they can be made out of any other 
suitable material. 

In some embodiments of the device 100, the top electrode 
ensemble 112, and the bottom electrode ensemble 114 are, 
electrically connected through shaft 122 and shaft 124, 
respectively, via conductors (wire, cable, strip, etc.) buried in 
the electrode-ensemble head 110. The shafts 122 and 124 are 
connected to the circuit board 160 through electrically con 
ductive cables (not shown) that run inside pivotassembly 120 
and extension piece 116 and under the battery holder 170 to 
reach the circuit board 160. 

In some embodiments of the device 100, pivot assembly 
120 also includes a pressure-sensitive switch that disconnects 
the power to electrodes 112 and 114 unless both electrodes 
are firmly pressed against the patient’s skin, which can help 
prevent undesirable electrical conditions (e.g., perhaps spark 
ing, or current or Voltage Surges due to changes in the resis 
tivity between device 100 and patient 99). 

In some embodiments of the device 100, a conductivity-gel 
applicator unit is attached to head 110, and which includes a 
button that, when pressed by the user, dispenses a small 
amount of gel through a hollow shaft that extends to the tip of 
each of one or more tines of electrode ensembles (combs) 112 
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and/or 114. This allows the user to directly apply a small but 
effective amount of conductive gel directly to the skin being 
contacted by electrode ensembles 112 and 114. 

In some embodiments, electrode ensembles 112,552,553, 
114,550, and 551 are each of other geometrical shapes such 
as, but not limited to, a standard hair-comb shape or a cylin 
der. 

In other embodiments of the device 100, the electrode 
ensembles 112 and 114 are electrically connected to the 
shafts 122 and 124, respectively, via metal strips buried in the 
electrode-ensemble head 110. 

In other embodiments of the device 100, the shafts 122 and 
124, are electrically connected to the circuit board 160, via 
metal strips that run inside the extension piece 116 and under 
the battery holder 170 to reach the circuit board 160. 

In some embodiments of device 500, the electrode 
ensembles 550,551,552, and 553 are connected to the circuit 
board 630 inside case 510 via conductors (wire, cable, strip, 
etc.) embedded into the a plastic connector 560. 

In some embodiments of device 500, the electrode 
ensembles 550,551,552, and 553 can be individually moved 
in order to provide the best stimulation outcome in a case by 
case base. In Such embodiments the electrical connection 
with electrode ensembles 550,551, 552, and 553 is such that 
it allows for the individual movement of any electrode 
ensemble 550, 551, 552, and 553; for example using flat 
ribbon cable or a printed flex-circuit. 

FIG. 4 is a block diagram of a TENS device 400 that, in 
Some embodiments, optionally includes a power-supply dis 
able (or enable) switch 430 (e.g., a spring loaded switch that 
enables the Voltage Supply when pressure is applied to pivot 
device 120 (i.e., when the electrodes 112 and 114 of device 
400 are pressed against the skin of the user). This saves 
battery power and eliminates any Voltage to the electrodes 
when they are not firmly pressed against the user's skin. In 
some embodiments, device 400 also includes one or more 
conductive-gel reservoirs 423 (e.g., in Some embodiments, 
the user presses button 421 on swiveling head 410, which 
applies pressure to pistons 422 in cylinders 423 (e.g., similar 
to a syringe), and in turn dispenses gel through capillaries 424 
that extend to the conductive ends of one or more insulative 
(e.g., plastic) tines of the electrodes 112 and 114. In some 
embodiments, conductors 451 extend from power supply 320 
to the ends of electrodes 114, and conductors 452 extend from 
electronic pulse controller 330 to the ends of electrodes 112. 
The conductive gel provides a better electrical connection 
between electrodes 112 and 114 and the skin of patient 99. 
and between electrodes 550 and 552 and the skin of patient 
99, and between electrodes 551 and 553 and the skin of 
patient 99. 

In some embodiments the conductive gel might be stored in 
a reservoir located elsewhere on the TENS device 400 as a 
separate compartment or inside an existing one, for example 
inside the electrode ensembles 112 and 114 or in the elec 
trode-ensemble head 410 as shown. The conductive gel might 
be administered via delivery channels running through the 
electrode themselves by pressing a small lever. 

In some embodiments the TENS device might be posi 
tioned on the head by attaching the electrodes and stimulator 
to the area to be treated. In some embodiments, the stimula 
tion is carried out without the use of conductive gel. 

In some embodiments, the present invention provides a 
method for treating a headache of a patient, the method 
including providing a portable, transcutaneous electrical 
nerve stimulator (TENS) having a plurality of electrodes: 
receiving, by the TENS, an activation indication from the 
patient; and based on the activation indication, providing a 
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plurality of electrical pulses from the TENS transcutaneously 
to the nerves of the patient in order to treat headache pain. 

In some embodiments, the providing of the TENS includes 
housing the TENS and the plurality of electrodes in a unitary 
device, wherein the device has no exposed wiring, and 
wherein the device facilitates a self-administered treatment 
by the patient. 

In some embodiments, the providing of the plurality of 
electrical pulses treats headache pain in an abortive manner. 
In other embodiments, the providing of the plurality of elec 
trical pulses treats headache pain in a preventive manner. 

In some embodiments, the providing of the TENS includes 
providing a handheld device. In other embodiments, the pro 
viding of the TENS includes providing a hands-free device. 

In some embodiments, each one of the plurality of elec 
trodes is at a distance from one another and configured Such 
that at least two electrodes touch the patient’s skin simulta 
neously. 

In some embodiments, the providing of the TENS includes 
providing a TENS that delivers pulses at one or more frequen 
cies between about 40Hz and about 10kHz. In some embodi 
ments, the providing of the plurality of electrical pulses 
includes providing pulses that are delivered at no more than 
60 mA. In some embodiments, the providing of the plurality 
of electrical pulses includes providing pulses that are deliv 
ered at no more than 200 volts. In some embodiments, the 
providing of the plurality of electrical pulses includes provid 
ing electrical pulses having a pulse width that is equal or less 
than 400 micro seconds. 

In some embodiments, the providing of the plurality of 
electrical pulses includes stimulating at least one of the fol 
lowing nerve structures: the right and/or left greater occipital 
nerve?s), the right and/or left least (third) occipital nerve?s), 
the right and/or left lesser occipital nerves), the right and/or 
left great auricular nerves). 

In some embodiments, the method further includes apply 
ing a conductive gel from a reservoir within the device. In 
Some embodiments, the method further includes releasing the 
conductive gel through one or more delivery channels built 
into at least one electrode. 

In some embodiments, each one of the plurality of elec 
trodes are shaped and configured Such that the plurality of 
electrodes facilitate contact between the plurality of elec 
trodes and skin of the patient in bodily locations where hair 
impedes such contact. In some embodiments, each one of the 
plurality of electrodes has a comb-tooth shape to ensure that 
hair is combed out of the way as the patient moves the plu 
rality of electrodes over the skin. 

In some embodiments, the method further includes Supply 
ing power to the TENS via a battery, wherein the battery is 
electrically connected to the TENS, and wherein the battery is 
housed within the unitary device. In other embodiments, the 
method further includes supplying power to the TENS via an 
external power Supply that is electrically connected to the 
TENS. 

In some embodiments, the device is Small enough that a 
person can carry it around comfortably. In some embodi 
ments, the electrodes are not disposable and/or are reusable. 

In some embodiments, the plurality of electrodes is 
mounted in a device head that is configured to rotate to facili 
tate contact between the plurality of electrodes and skin of the 
patient. 

In some embodiments, each one of the plurality of elec 
trodes is hollow, the method further comprising dispensing a 
conductive gel through each one of the plurality of hollow 
electrodes. In some embodiments, the method further 
includes disabling power to the plurality of electrodes if no 
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pressure is applied to the head of the device, and enabling 
pulsed power to the plurality of electrodes if pressure is 
applied. In some embodiments, wherein the each one of the 
plurality of electrodes is hollow, the method further includes 
dispensing a conductive gel through each one of the plurality 
of hollow electrodes; and disabling power to each one of the 
plurality of hollow electrodes if no pressure is applied to the 
head of the device. 

In some embodiments, the method further includes electri 
cally disconnecting the plurality of electrodes unless the 
device is pressed against a surface. 

In some embodiments, the present invention provides a 
method for treating a headache of a patient, the method 
including providing a portable, transcutaneous electrical 
nerve stimulator (TENS) having: a first plurality of non 
invasive comb-like electrodes physically connected to a com 
mon electrode base and each electrically connected to a first 
signal output of the TENS, and a second plurality of non 
invasive comb-like electrodes physically connected to the 
common electrode base, wherein the TENS is configured 
such that the first plurality of electrodes and the second plu 
rality of electrodes can be simultaneously placed in contact 
with the patients head, and wherein the second plurality of 
electrodes each electrically connected to a second signal out 
put of the TENS: receiving, by the TENS, an activation indi 
cation; and based on the activation indication, providing a 
plurality of electrical pulses between the first signal output of 
the TENS and the second signal output of the TENS such that 
the electrical pulses are applied from both the first plurality of 
electrodes and the second plurality of electrodes transcutane 
ously to the patients head to stimulate nerves of the patient in 
order to treat headache pain. In some embodiments, the pro 
viding of the TENS includes housing the TENS and the first 
and second plurality of electrodes in a unitary device, and 
wherein the device facilitates a self-administered treatment 
by the patient. In some embodiments, the providing of the 
plurality of electrical pulses treats headache pain in an abor 
tive manner. In some embodiments, the providing of the plu 
rality of electrical pulses treats headache pain in a preventive 
manner. In some embodiments, the providing of the plurality 
of electrical pulses includes providing biphasic Substantially 
square pulses including a first plurality of pulses having a first 
polarity and a duration of no more than 400 microseconds and 
a second plurality of pulses having a second polarity, opposite 
the first polarity, and a duration of no more than 400 micro 
seconds. In some embodiments, providing of the TENS 
includes providing a hands free device, and Supporting the 
hands-free device on the patient’s head. In some embodi 
ments, the electrodes of the first plurality of electrodes are 
grouped into a first group, wherein the electrodes of the 
second plurality of electrodes are grouped into a second 
group, wherein the first group is located at a distance from the 
second group that is greater than a distance between any two 
adjacent electrodes in each group. In some embodiments, the 
providing of the TENS includes providing a TENS that deliv 
ers pulses at one or more pulse-repetition-rate frequencies of 
between about 40 Hz, and about 10 kHz. In some embodi 
ments, the providing of the plurality of electrical pulses 
includes providing pulses that are delivered at a non-zero 
current of no more than 60 mA. In some embodiments, the 
providing of the plurality of electrical pulses includes provid 
ing pulses that are delivered at a non-zero Voltage of no more 
than 200 volts. In some embodiments, the providing of the 
plurality of electrical pulses includes providing electrical 
pulses having a non-Zero pulse width that is equal or less than 
400 microseconds. In some embodiments, the providing of 
the plurality of electrical pulses includes stimulating one or 
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more of the nerve structures selected from the group consist 
ing of the right greater occipital nerve, the left greater occipi 
tal nerve, the right least (third) occipital nerve, the left least 
(third) occipital nerve, the right lesser occipital nerve, the left 
lesser occipital nerve, the right great auricular nerve, and the 
left great auricular nerve. 
Some embodiments further include applying a conductive 

gel from a reservoir within the device. Some embodiments 
further include releasing the conductive gel through one or 
more delivery channels built into at least one electrode of the 
plurality of electrodes. In some embodiments, each one of the 
plurality of electrodes is hollow, the method further compris 
ing dispensing a conductive gel through each one of the first 
and second plurality of hollow electrodes. 

In some embodiments, the first and second plurality of 
electrodes are shaped and configured to facilitate contact 
between the first and second plurality of electrodes and skin 
of the patient in bodily locations where hair would otherwise 
impede Such contact. In some embodiments, each one of the 
first and second plurality of electrodes has a comb-tooth 
shape to ensure that hair is combed out of the way as the 
patient moves the plurality of electrodes over the skin. Some 
embodiments further include supplying power to the TENS 
via a battery, wherein the battery is electrically connected to 
the TENS, and wherein the battery is housed within the uni 
tary device. Other embodiments further include supplying 
power to the TENS via an external power supply that is 
electrically connected to the TENS. 

In some embodiments, the device is Small enough that a 
person can readily carry it around. In some embodiments, the 
plurality of electrodes is reusable. In some embodiments, the 
first and second pluralities of electrodes are mounted in a 
device head that is configured to rotate around a point or axis 
to facilitate contact between the first and second plurality of 
electrodes and skin of the patient. 
Some embodiments further include disabling power to the 

first and second plurality of electrodes if no pressure is 
applied to the head of the device, and enabling pulsed power 
to the first and second plurality of electrodes if pressure is 
applied. In some embodiments, each one of the first and 
second plurality of electrodes is hollow, and the method fur 
ther includes dispensing a conductive gel through each one of 
the first and second plurality of hollow electrodes; and dis 
abling power to each one of the first and second plurality of 
hollow electrodes if no pressure is applied to the head of the 
device. 
Some embodiments include electrically disconnecting the 

first and second plurality of electrodes unless the device is 
pressed against a surface. In some embodiments, the provid 
ing of the plurality of electrical pulses includes providing 
Substantially square, alternating-spaced-biphasic pulses 
including a first plurality of pulses having a first polarity and 
a duration of no more than 200 microseconds and a second 
plurality of pulses having a second polarity, opposite the first 
polarity, and a duration of no more than 200 microseconds. 

In some embodiments, the present invention provides an 
apparatus for treating a headache of a patient that includes a 
portable, transcutaneous electrical nerve stimulator (TENS) 
having a common electrode base; a first plurality of non 
invasive comb-like electrodes physically connected to the 
common electrode base and each electrically connected to a 
first signal output of the TENS, and a second plurality of 
non-invasive comb-like electrodes physically connected to 
the common electrode base, wherein the TENS is configured 
such that the first plurality of electrodes and the second plu 
rality of electrodes can be simultaneously placed in contact 
with the patients head, and wherein the second plurality of 
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electrodes are each electrically connected to a second signal 
output of the TENS, wherein the TENS presents a plurality of 
electrical pulses between the first signal output of the TENS 
and the second signal output of the TENS such that the elec 
trical pulses are applied from both the first plurality of elec 
trodes and the second plurality of electrodes transcutaneously 
to the patients head to stimulate nerves of the patient, in order 
to treat headache pain. In some embodiments, the TENS unit 
and the first and second plurality of electrodes are housed in 
a unitary device, wherein the device has no exposed wiring, 
and wherein the device facilitates a self-administered treat 
ment by the patient. In some embodiments, the TENS is 
configured to treat headache pain in an abortive manner. In 
some embodiments, the TENS is configured to treat headache 
pain in a preventive manner. In some embodiments, the TENS 
is configured to output a plurality of electrical biphasic Sub 
stantially square pulses including a first plurality of pulses 
having a first polarity and a duration of no more than 400 
microseconds and a second plurality of pulses having a sec 
ond polarity, opposite the first polarity, and a duration of no 
more than 400 microseconds. In some embodiments, the 
TENS is a hands-free device. In some embodiments, the 
electrodes of the first plurality of electrodes are grouped into 
a first group, wherein the electrodes of the second plurality of 
electrodes are grouped into a second group, wherein the first 
group and the second group are located at a distance from one 
another that is greater than a distance between any two adja 
cent electrodes in each group. In some embodiments, the 
TENS delivers pulses at one or more frequencies between 
about 40 Hz, and about 10 kHz. In some embodiments, the 
plurality of electrical pulses is delivered at no more than 60 
mA. In some embodiments, the plurality of electrical pulses is 
delivered at no more than 200 volts. In some embodiments, 
the pulse width of each one of the plurality of electrical pulses 
is equal or less than 400 microseconds. In some embodi 
ments, the plurality of electrical pulses stimulate one or more 
of the nerve structures selected from the group consisting of 
the right greater occipital nerve, the left greater occipital 
nerve, the right least (third) occipital nerve, the left least 
(third) occipital nerve, the right lesser occipital nerve, the left 
lesser occipital nerve, the right great auricular nerve, and the 
left great auricular nerve. Some embodiments further include 
a conductive gel applicator that selectively dispenses gel from 
a reservoir within the handheld device. Some embodiments 
further include one or more delivery channels built into at 
least one of the second plurality of electrodes and operatively 
connected to the reservoir. In some embodiments, the first and 
second plurality of electrodes are shaped and configured to 
facilitate contact between the first and second plurality of 
electrodes and skin of the patient in bodily locations where 
hair would otherwise impede Such contact. In some embodi 
ments, each one of the first and second plurality of electrodes 
has a comb-tooth shape to ensure that hair is combed out of 
the way as the patient moves the plurality of electrodes over 
the skin. Some embodiments further include a battery elec 
trically connected to the TENS and housed within the unitary 
device. Other embodiments include an external power supply 
electrically connected to the TENS. In some embodiments, 
the device is Small enough that a person can carry it around 
comfortably. In some embodiments, the first and second plu 
rality of electrodes are not disposable. In some embodiments, 
the first and second plurality of electrodes are mounted in a 
head that is configured to rotate to facilitate contact between 
the first and second plurality of electrodes and skin of the 
patient. In some embodiments, the TENS is configured to 
output a plurality of spaced biphasic electrical pulses includ 
ing a plurality of pairs of pulses, each pair of pulses including 
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a first pulse of a first polarity separated by a gap in time from 
a second pulse having a second polarity, opposite the first 
polarity. In some embodiments, the TENS is configured to 
output a plurality of alternating spaced biphasic electrical 
pulses including a plurality of pairs of pairs of pulses, each 
pair of pairs of pulses including a first pair having a first pulse 
of a first polarity separated by a gap in time from a second 
pulse having a second polarity, opposite the first polarity, 
followed by a longer gap in time by a second pair having a 
third pulse of the second polarity separated by a gap in time 
from a fourth pulse having the first polarity. In some embodi 
ments, the TENS is configured to output a plurality of elec 
trical, Substantially square, alternating-spaced-biphasic 
pulses including a first plurality of pulses having a first polar 
ity and a duration of no more than 200 microseconds and a 
second plurality of pulses having a second polarity, opposite 
the first polarity, and a duration of no more than 200 micro 
seconds. 

In some embodiments, the present invention provides an 
apparatus for treating a headache of a patient, the apparatus 
including a portable, transcutaneous electrical nervestimula 
tor (TENS) having a plurality of electrodes, wherein the 
TENS transcutaneously presents a plurality of electrical 
pulses to nerves of the patient, in order to treat headache pain. 

In some embodiments, the TENS unit and the plurality of 
electrodes are housed in a unitary device, wherein the device 
has no exposed wiring, and wherein the device facilitates a 
self-administered treatment by the patient. In some embodi 
ments, the TENS is configured to treat headache pain in an 
abortive manner. In other embodiments, the TENS is config 
ured to treat headache pain in a preventive manner. 

In some embodiments, the TENS is a handheld device. In 
other embodiments, the TENS is a hands-free device. 

In some embodiments, a first plurality of electrodes is at a 
distance from a second plurality of electrodes, and the first 
plurality and the second plurality are each configured Such 
that at least two electrodes touch the patient’s skin simulta 
neously. 

In some embodiments, the TENS delivers pulses at one or 
more frequencies between about 40 Hz and about 10 kHz. In 
Some embodiments, the plurality of electrical pulses are 
delivered at no more than 30 mA, and in some embodiments, 
electrical pulses are delivered at no more than 60 mA. In some 
embodiments, each one of the plurality of electrical pulses is 
delivered at no more than 200 volts. In some embodiments, a 
pulse width of each one of the plurality of electrical pulses is 
equal or less than 400 microseconds. 

In some embodiments, the plurality of electrical pulses 
stimulate at least one of the following nerve structures: the 
right and/or left greater occipital nerve?s), the right and/or left 
least (third) occipital nerves), the right and/or left lesser 
occipital nerve?s), the right and/or left great auricular 
nerves). 

In some embodiments, the apparatus further includes a 
conductive gel applicator that selectively dispenses gel from 
a reservoir within the handheld device. In some embodi 
ments, the apparatus further includes one or more delivery 
channels built into at least one of the plurality of electrodes 
and operatively connected to the reservoir. 

In some embodiments, each one of the plurality of the 
electrodes are shaped and configured Such that the plurality of 
electrodes facilitate contact between the plurality of elec 
trodes and skin of the patient in bodily locations where hair 
impedes such contact. In some embodiments, each one of the 
plurality of electrodes has a comb-tooth shape to ensure that 
hair is combed out of the way as the patient moves the plu 
rality of electrodes over the skin. 
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In some embodiments, the apparatus further includes a 

battery electrically connected to the TENS and housed within 
the unitary device. In other embodiments, the apparatus fur 
ther includes an external power Supply electrically connected 
to the TENS. 

In some embodiments, each one of the plurality of elec 
trodes is mounted in a device head that is configured to rotate 
to facilitate contact between the plurality of electrodes and 
skin of the patient. 

In other embodiments, any combination of the above-de 
scribed features is implemented. 
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It is to be understood that the above description is intended 

to be illustrative, and not restrictive. Although numerous 
characteristics and advantages of various embodiments as 
described herein have been set forth in the foregoing descrip 
tion, together with details of the structure and function of 
various embodiments, many other embodiments and changes 
to details will be apparent to those of skill in the art upon 
reviewing the above description. The scope of the invention 
should, therefore, be determined with reference to the 
appended claims, along with the full scope of equivalents to 
which Such claims are entitled. In the appended claims, the 
terms “including and “in which are used as the plain-En 
glish equivalents of the respective terms "comprising and 
“wherein, respectively. Moreover, the terms “first.” “sec 
ond' and “third,' etc., are used merely as labels, and are not 
intended to impose numerical requirements on their objects. 

What is claimed is: 
1. A method for treating aheadache of a patient, the method 

comprising: 
providing a portable head-band-mounted, transcutaneous 

electrical nerve stimulator (TENS) having: 
a first electrode set having a plurality of non-invasive 

comb-like electrodes physically connected to a com 
mon electrode base and each electrically connected to 
a first signal output of the TENS, 

a second electrode set having one or more non-invasive 
comb-like electrodes physically connected to the 
common electrode base, wherein the first electrode 
set and the second electrode set are configured to be 
simultaneously placed in contact with the patient's 
head, and wherein the second electrode set is electri 
cally connected to a second signal output of the 
TENS, and 

a headband-type assembly that, after it has been placed 
on the patients head, provides hands-free operation 
that does not require further handling and secures the 
first electrode set and the second electrode set against 
the patient’s head, such that the first electrode set is 
held against a first elongated posterior area of the 
patients head, and the second electrode set is held 
against a second elongated posterior area of the 
patients head, wherein the first area and the second 
area are in a cranial-caudal relationship to one 
another; 
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Supporting, using the headband-type assembly, the head 
band-mounted TENS on the patient’s head such that the 
patient is free to move while stimulation is being 
applied; 

receiving, by the TENS, an activation indication; and 
based on the activation indication, providing a plurality of 

electrical pulses between the first signal output of the 
TENS and the second signal output of the TENS such 
that the electrical pulses are applied between the first 
area and the second area in a vertical caudal-cranial 
direction transcutaneously to the patients head, wherein 
the plurality of electrical pulses are configured to be 
charge-balancing and short enough in duration to stimu 
late nerves of the patient while minimizing stimulation 
of muscle contraction, in order to treat headache pain. 

2. The method of claim 1, wherein the providing of the 
plurality of electrical pulses includes providing biphasic pairs 
of Substantially square pulses, each pair of pulses including a 
first pulse having a first polarity and a duration of between 
about 50 microseconds and about 400 microseconds and, 
after a first gap-in-time delay of between about 50 microsec 
onds and about 100 microseconds, a second, following, pulse 
having a second polarity, opposite the first polarity, and a 
duration of between about 50 microseconds and about 400 
microseconds, and a second gap-in-time delay that is longer 
than the combined duration of the first pulse, first gap-in-time 
delay and second pulse. 

3. The method of claim 2, wherein the providing of the 
TENS includes housing the TENS and the first and second 
electrode set in a unitary device that has no external wires, and 
wherein the unitary device facilitates a self-administered 
treatment by the patient. 

4. The method of claim 2, wherein the providing of the 
plurality of electrical pulses treats headache pain in an abor 
tive manner. 

5. The method of claim 2, wherein the providing of the 
plurality of electrical pulses treats headache pain in a preven 
tive manner. 

6. The method of claim 2, wherein the electrodes of the first 
electrode set are grouped into a first group, wherein the elec 
trodes of the second electrode set are grouped into a second 
group, wherein the first group is located at a distance from the 
second group that is greater than a distance between any two 
adjacent electrodes in each group. 

7. The method of claim 2, wherein the first pulse has a 
duration of about 100 microseconds and, after the first gap 
in-time delay of about 75 microseconds, the second pulse has 
a duration of about 100 microseconds. 

8. The method of claim 2, wherein the first and second 
electrode set are mounted inadevice head, the method further 
comprising disabling power to the first and second electrode 
set plurality of electrodes if no pressure is applied to the 
device head, and enabling pulsed power to the first and second 
electrode set if pressure is applied. 

9. The method of claim 2, wherein each one of the first and 
second electrode set is hollow, and wherein the first and 
second electrode set are mounted in a device head, the method 
further comprising: 

dispensing a conductive gel through each one of the first 
and second electrode set of hollow electrodes; and 

disabling power to each one of the first and second elec 
trode set of hollow electrodes if no pressure is applied to 
the device head. 

10. The method of claim 1, wherein the providing of the 
plurality of electrical pulses includes stimulating one or more 
of the nerve structures selected from the group consisting of 
the right greater occipital nerve, the left greater occipital 
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nerve, the right least (third) occipital nerve, the left least 
(third) occipital nerve, the right lesser occipital nerve, the left 
lesser occipital nerve, the right great auricular nerve, and the 
left great auricular nerve. 

11. The method of claim 1, wherein the providing of the 
plurality of electrical pulses includes providing unspaced 
biphasic pairs of pulses, each pair of pulses including a first 
pulse having a first polarity and a duration of between about 
50 microseconds and about 400 microseconds and a second, 
immediately following, pulse having a second polarity, oppo 
site the first polarity, and a duration of between about 50 
microseconds and about 400 microseconds and then a gap 
in-time delay such that the pulse repetition rate is between 
about 200 Hz, and about 1000 HZ. 

12. The method of claim 1, wherein the second electrode 
set includes a plurality of electrodes. 

13. The method of claim 1, wherein the providing of the 
plurality of electrical pulses includes providing pairs of 
biphasic electrical pulses, each pair of biphasic electrical 
pulses including a first pulse of a first polarity and a second 
pulse of a second opposite polarity and a Zero Voltage during 
a first gap-in-time delay of between about 50 microseconds 
and about 100 microseconds between the first pulse having 
the first polarity and the second pulse having the second 
polarity, opposite the first polarity, and then a Zero Voltage 
during a second gap-in-time delay immediately following the 
second pulse that is longer than the combined duration of the 
first pulse, first gap-in-time delay and second pulse. 

14. An apparatus for treating a headache of a patient, the 
apparatus comprising: 

a portable head-band-mounted, transcutaneous electrical 
nerve stimulator (TENS) having a common electrode 
base; 
a first electrode set having a plurality of non-invasive 

comb-like electrodes physically connected to the 
common electrode base and each electrically con 
nected to a first signal output of the TENS, 

a second electrode set having one or more non-invasive 
comb-like electrodes physically connected to the 
common electrode base, wherein the first electrode 
set and the second electrode set are configured to be 
simultaneously placed in contact with the patient's 
head, and wherein the second electrode set is electri 
cally connected to a second signal output of the 
TENS, and 

a headband-type assembly that, after it has been placed 
on the patient’s head, Supports the head-band 
mounted TENS on the patient’s head such that the 
patient is free to move while stimulation is being 
applied, provides hands-free operation that does not 
require further handling, and secures the first elec 
trode set and the second electrode set against the 
patients head, such that the first electrode set is held 
against a first elongated posterior area of the patients 
head, and the second electrode set is held against a 
second elongated posterior area of the patient’s head, 
wherein the first area and the second area are in a 
cranial-caudal relationship to one another, 

wherein the TENS presents a plurality of electrical pulses 
between the first signal output of the TENS and the 
second signal output of the TENS such that the electrical 
pulses are applied between the first area and the second 
area in a vertical caudal-cranial direction transcutane 
ously to the patient's head, wherein the pulses are con 
figured to be charge-balancing and short enough in dura 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

28 
tion to stimulate nerves of the patient while minimizing 
stimulation of muscle contraction, in order to treat head 
ache pain. 

15. The apparatus of claim 14, wherein the TENS includes 
a circuit configured to output the plurality of electrical pulses 
as a series of biphasic pairs of Substantially square pulses, 
each pair of pulses including a first pulse having a first polar 
ity and a duration of between about 50 microseconds and 
about 400 microseconds and, after a gap-in-time delay of 
between about 50 microseconds and about 100 microsec 
onds, a second, following, pulse having a second polarity, 
opposite the first polarity, and a duration of between about 50 
microseconds and about 400 microseconds. 

16. The apparatus of claim 15, wherein the TENS unit and 
the first and second electrode set are housed in a unitary 
device, wherein the unitary device has no exposed wiring, and 
wherein the unitary device facilitates a self-administered 
treatment by the patient. 

17. The apparatus of claim 15, wherein the electrodes of the 
first electrode set are grouped into a first group, wherein the 
electrodes of the second electrode set are grouped into a 
second group, wherein the first group and the second group 
are located at a distance from one another that is greater than 
a distance between any two adjacent electrodes in each group. 

18. The apparatus of claim 15, further comprising a con 
ductive gel applicator that selectively dispenses gel from a 
reservoir within the apparatus. 

19. The apparatus of claim 18, further comprising one or 
more gel-delivery channels built into at least one of the sec 
ond electrode set and operatively connected to the reservoir. 

20. The apparatus of claim 15, wherein the first and second 
electrode set are shaped and configured to facilitate contact 
between the first and second electrode set and skin of the 
patient in bodily locations where hair would otherwise 
impede Such contact. 

21. The apparatus of claim 15, wherein each one of the first 
and second electrode set has a comb-tooth shape to ensure 
that hair is combed out of the way as the patient moves the 
plurality of electrodes over the skin. 

22. The apparatus of claim 15, wherein the apparatus is 
Small enough that a person can carry it around comfortably. 

23. The apparatus of claim 14, wherein the TENS includes 
a circuit configured to output a plurality of electrical biphasic 
pulses, each pair of pulses including a first pulse having a first 
polarity and a duration of between about 50 microseconds 
and about 400 microseconds and, after a first gap-in-time 
delay of between about 50 microseconds and about 100 
microseconds, a second, following, pulse having a second 
polarity, opposite the first polarity, and a duration of between 
about 50 microseconds and about 400 microseconds, and then 
a second gap-in-time delay that is longer than the combined 
duration of the first pulse, first gap-in-time delay and second 
pulse. 

24. The apparatus of claim 14, wherein the second elec 
trode set includes a plurality of electrodes. 

25. The apparatus of claim 14, wherein the TENS includes 
a circuit configured to output the plurality of electrical pulses 
as a series of biphasic pairs of pulses, each pair of pulses 
including a first pulse having a first polarity and a duration of 
and about 100 microseconds, a second pulse having a second 
polarity, opposite the first polarity, and a duration of about 
100 microseconds, and a Zero Voltage during a gap-in-time 
delay of about 75 microseconds between the first pulse and 
the second pulse. 

26. The apparatus of claim 14, wherein the TENS includes 
a circuit configured to output the plurality of electrical pulses 
as a series of biphasic pairs of pulses, each pair of pulses 
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including a first pulse having a first polarity and a duration of 
between about 50 microseconds and about 400 microseconds 
and, after a gap-in-time delay of between about 50 microsec 
onds and about 100 microseconds, a second, following, pulse 
having a second polarity, opposite the first polarity, and a 
duration of between about 50 microseconds and about 400 
microseconds. 

27. An apparatus for treating a headache of a patient, the 
apparatus comprising: 

a portable head-band-mounted, transcutaneous electrical 
nerve stimulator (TENS) having: 
a first electrode set having a plurality of non-invasive 

comb-like electrodes physically connected to a com 
mon electrode base and each electrically connected to 
a first signal output of the TENS, 

a second electrode set having one or more non-invasive 
comb-like electrodes physically connected to the 
common electrode base, wherein the first electrode 
set and the second electrode set are configured to be 
simultaneously placed in contact with the patient’s 
head, and wherein the second electrode set is electri 
cally connected to a second signal output of the 
TENS, and 

a headband-type assembly that, after it has been placed 
on the patient’s head, provides hands-free operation 
that secures the first electrode set and the second 
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electrode set against the patient’s head, such that the 
first electrode set is held against a first elongated 
posterior area of the patient’s head, and the second 
electrode set is held against a second elongated pos 
terior area of the patient’s head, wherein the first area 
and the second area are in a cranial-caudal relation 
ship to one another; 

means for supporting, using the headband-type assembly, 
the head-band-mounted TENS on the patient's head 
such that the patient is free to move while stimulation is 
being applied: 

means for receiving, by the TENS, an activation indication: 
and 

means, based on the activation indication, for providing a 
plurality of electrical pulses between the first signal 
output of the TENS and the second signal output of the 
TENS such that the electrical pulses are charge-balanc 
ing and are short enough in duration, when applied 
between the first area and the second area in a vertical 
caudal-cranial direction transcutaneously to the patient 
head, to stimulate nerves of the patient while minimizing 
stimulation of muscle contraction, in order to treat head 
ache pain. 

28. The apparatus of claim 27, wherein the second elec 
25 trode set includes a plurality of electrodes. 


